ABSTRACT-The low Ca 2+ + tetraethylammonium (TEA) medium enhanced elec trically evoked norepinephrine release by 3.5-fold in canine saphenous veins. w-Cono toxin GVIA (w-CTX) inhibited the neurotransmission more markedly in low Ca 2+ + TEA medium than in normal Krebs medium. This is the case for the inhibition by tetrodotoxin, though to a lesser extent. The inhibition by w-CTX was competitiv-,ly antagonized by elevating external Ca 2+ The results indicate that low Ca 2+ + TEA medium is useful for studying the effect of Ca antagonists on adrenergic neurotrans mission, because w-CTX acts more effectively in this medium.
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Tetraethylammonium (TEA) increases Ca 2+ influx into the adrenergic nerve endings as a result of K+ channel blockade, thus enhancing norepinephrine (NE) release (1) . We have previously reported that inhibitory effects of verapamil and nicardipine on transmural nerve stimulation (TNS)-evoked NE release from canine saphenous veins were antagonized by Krebs-bicarbonate (Krebs) medium containing 1 mM TEA (2) . On the other hand, the in hibitions by the two Ca antagonists were more marked in 0.25 mM Ca 2+ + 20 mM TEA (low Ca 2+ + TEA) medium, although the evoked NE release was similarly facilitated by both media (2) . Reduction in external Ca2+ has been known to modify the electrical properties of the nerve membrane (3), and it would re sult in an alteration in the Ca 2+ availability to the NE release process. These findings prompt ed us to investigate how the effects of the drugs affecting Na+ and Ca 2+ channels on the TNS-evoked NE release change in low Ca 2+ + TEA medium, because the evoked NE re lease depends on Na+ and subsequent Ca2+ influxes into the nerve endings.
Helical strips of the canine saphenous vein isolated from mongrel dogs (13-29 kg) were incubated for 2 hr with 154 nM 1-[7-3H]NE (New England Nuclear, specific activity of 13.0 Ci/mmol) and then superfused at the rate of 3.6 ml/min with Krebs solution maintained at 37°C and bubbled with 95% 02 and 5% CO2. The Krebs solution had the following composition: 118.2 mM NaCI, 4.6 mM KCI, 1.2 mM MgSO4, 2.5 mM CaCl2, 1.2 mM KH2PO4, 24.8 mM NaHCO3 and 10.0 mM dextrose. After a 60-min equilibration period, TNS (10 Hz, 0.3 msec, supramaximum volt age, 150 pulses) was applied 8 times (S i Ss) at 16 min intervals. The superfusate samples were collected every 2 min to measure their radio activities. The TNS-evoked overflow of total 3H was estimated by subtracting the radioactivity in the 2-min sample just before TNS from that in the 2-min sample during TNS. Thus, we have measured total evoked 3H overflow , because it more closely reflects neurotransmitter output than does the over flow of [3H]NE (4). The low Ca 2+ + TEA medium was prepared by substituting NaCI with equimolar TEA in addition to reducing Ca2+. The low Na+ (Ca 2+: 2.5 mM) medium was made by substituting 20 mM NaCI with equimolar choline chloride. The vein was su perfused with low Ca 2+ + TEA or low Na+ medium from 10 min before S3 throughout the experiment. Either tetrodotoxin (TTX) or w conotoxin GVIA ((o-CTX) at stepwise in creasing concentrations was superfused for each 16 min from 10 min before S4. The effect of drugs on the evoked 3H overflow was ex pressed as the ratios S4/S3-S8/S3 and the % inhibition was then calculated on the basis of the mean values of the corresponding ratios in the control experiments without the drug in each medium. The basal 3H overflow just before S2-S8 was designated as Sp2 Sps, respectively. The effect of drugs on the basal 3H overflow was estimated from the ratios Spa/Sp2 -Sps/Sp2. In some experiments, the effect of external Ca 2+ on the inhibition of the evoked overflow by w-CTX was studied.
The Ca 2+ induced antagonism against the in hibitory action of 0-CTX was analyzed by Lineweaver-Burk plots. Statistical analysis was performed with ANOVA followed by Dunnett test. Fig. 1 . Inhibitory effects of tetrodotoxin (A) and w-conotoxin (B) on the electrically evoked 3H overflow from saphenous veins preloaded with [3H]norepinephrine. Either tetrodotoxin or w-conotoxin at stepwise increasing concentrations was superfused under normal Krebs (•), in medium containing 0.25mM Ca 2+ + 20 mM tetraethylammonium (A) or low Na+ (/) medium. The radioactivities in the 2-min sample just be fore the second stimulation (S2) and in the 2-min sample during S2 were 5124 ± 209 and 11421 ± 465 dpm (n = 48), respectively. Values are expressed as the mean ± S.E.M. from 5 to 7 veins. Asterisks indicate a significant difference from the normal Krebs medium group: *P < 0.05, **P < 0.01.
The superfusion with low Ca 2+ + TEA medium enhanced the TNS-evoked 3H over flow (S3/S2 = 3.54 ± 0.34, n = 18). The ratios S3/S2 were 1.01 ± 0.03 (n = 15) in Krebs medium and 0.95 ± 0.04 (n = 15) in low Na+ medium. These findings suggest that the amount of Ca 2+ entering into the nerve endings during TNS in low Ca 2+ + TEA medium, despite its low concentration, may be greater than that in the other two media. As shown in Fig. 1A , TTX (1.5 -18 nM) inhibited concentration-dependently the TNS-evoked 3H overflow in Krebs solution, with an IC50 of 9.2 ± 0.7 nM. The concentration-response curve of TTX was shifted to the left to a similar ex tent under low Ca 2+ + TEA and low Na+ media (Fig. 1A) , the IC50 being 5.0 ± 0.3 and 5.1 ± 0.4 nM, respectively. These two IC50 values were significantly (P < 0.01) lower than that in Krebs solution. The nerve impulse evoked depolarization of the nerve endings is dependent on an increase in Na+ permeability of the membrane (5) which is blocked by TTX (6) . TTX fails to affect Ca 2+ influx produced by depolarization into the nerve endings (7). Therefore, these results suggest that the in volvement of Na+ channels in the TNS evoked 3H overflow may be smaller in low Ca 2+ + TEA and low Na+ media than in Krebs medium, this being due probably to a reduction in external Nab w-CTX (1-100 nM) reduced concentration dependently the TNS-evoked 3H overflow in both Krebs and low Na+ media (Fig. 1B) , the IC5o being 8.2 ± 0.8 nM in the former and 6.8 ± 0.9 nM in the latter. The superfusion with low Ca 2+ + TEA medium caused a parallel, leftward shift of the concentration-response curve of w-CTX obtained in Krebs medium. The IC50 (0.9 ± 0.1 nM) in low Ca 2+ + TEA medium was significantly (P < 0.01) smaller than that in either Krebs or low Na+ medium. It is evident that a mere reduction in external Na+ does not lead to a higher potency of w CTX. w-CTX inhibits neuronal N and L-type voltage-dependent Ca 2+ channels (8) and sup presses electrically evoked NE release in the rat tail artery (9) and kidney (10), but this Ca antagonist has little effect on Na+ channels (11) . Under the superfusion with low Ca 2+ + TEA medium, but not with Krebs solution, nisoldipine inhibited significantly the TNS evoked NE release from the canine saphenous veins and this L-type Ca antagonist caused a further inhibition of the evoked NE release even in the veins presuperfused with a,-CTX (Y. Takata et al., unpublished data). There fore, it appears that the TNS-evoked 3H over flow in low Ca 2+ + TEA medium is mediated by Ca 2+ influx through both N and L-type Ca2+ channels, whereas the evoked 3H over flow in Krebs medium involves only the N type one. This could account for a higher potency of w-CTX in low Ca 2+ + TEA medium in spite of an increased amount of Ca 2+ entering into the nerve endings as a result of K+ channel blockade by TEA. Wakade and Wakade have also reported that the a-adrenergic agonists directly influencing the availability of Ca 2+ needed for NE release inhibited electrically stimulated NE release more markedly in 0.25 mM Ca 2+ + 20 mM TEA medium than in Krebs medium (12) . The elevation (from 0.25 mM to 0.38 or 0.5 mM) in Ca 2+ concentration of low Ca 2+ + TEA medium produced a rightward displace ment of the concentration-response curve for the inhibitory action of w-CTX on the evoked 3H overflow (Fig . 2A) . Lineweaver-Burk plots indicate that Ca 2+ antagonizes the effect of w-CTX in an apparently competitive manner (Fig. 213) . A similar competitive antagonism was also observed by increasing Ca 2+ concen trations of Krebs medium from 2.5 mM to 3.8 or 5.0 mM (data not shown).
The basal 3H overflow was gradually low ered with time in Krebs and low Na+ media, the ratio Sp8/Sp2 being 0.73 ± 0.04 and 0.81 ± 0.01, respectively, while in low Ca 2+ + TEA medium, it was consistently greater (Sp8/Sp2 =1.09 ± 0.08). TTX and w-CTX had no significant effects on the basal 3H overflow under the three media. In low Ca 2+ medium, the nerve membranes can become unstable, which leads to an increase in the ex citability of the nerves (13) . This might be re sponsible for an increased basal 3H overflow. It appears, however, that the excitability of the nerves in this medium is not great enough to produce spontaneous action potentials and subsequent Ca2+ influx into the nerve end ings, because neither TTX nor w-CTX affected the basal 3H overflow.
The results indicate that low Ca 2+ + TEA medium is useful for studying the effect of Ca antagonists on adrenergic neurotransmission, because w-CTX is more effective in this medium.
